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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an excellent flame-retardant polyester resin 
composition capable of obtaining a resin product free from problems of emission of a toxic gas 
in contacting with flame and enlarging fire due to dropping of a melt resin. 
SOLUTION: This resin composition includes a polyester obtained by copolymerizing >2 mol.% 
based on whole acid component of an aromatic dicarboxylic acid having a phenolic hydroxyl to a 
polyester resin and >500 ppm of a phosphorus compound as a weight of the phosphorus atom 
to the polyester resin. 
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[Claim(s)] 



[Claim 1] the aromatic series dicarboxylic acid component which is the constituent which 
consists of polyester resin which consists of a dicarboxylic acid component, and/or the ester 
plasticity Afunctional carboxylic-acid components and diol components other than dicarboxylic 
acid, and phosphorus compounds, and has at least one or more phenolic hydroxyl groups - all 
acid components ~ receiving ~ more than 2 mol % ~ the flame resistance polyester resin 
constituent characterized by copolymerizing and phosphorus compounds containing 500 ppm or 
more to polyester resin as weight of the Lynn atom. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention cannot cause melting fall easily at the time of ***♦, and 
relates to the flame resistance polyester resin constituent excellent in the fire prevention 
effectiveness. 



[Description of the Prior Art] The polyester represented by polyethylene terephthalate (it calls 
for short Following PET) is widely used as objects for moldingses, such as films the object for 
magnetic tapes besides fiber, such as an object for garments, and industrial use, the object for 
photographs, for capacitors, etc., or a bottle, for the outstanding mechanical property and 
chemical property. 

[0003] By the way, the request from a viewpoint of fire prevention to the flame resistance of a 
synthetic fiber or various plastics has become strong in recent years. Conventionally, various 
attempts which give flame resistance to polyester are made, and the methods (for example, 
JP,61-185559,A etc.) of making the compound which makes a halogen a subject at polyester, 
and an antimony compound coexist are indicated. However, in order to use for such an approach 
the compound which makes a halogen a subject, it has the problem of generating a toxic gas, at 
the time of ♦***, and non halogenation which does not contain a halogenated compound is 
called for. 

[0004] There are methods (for example, JP,2-17302,A etc.) of making polyester contain 
phosphorus compounds as the approach of non halogenation. When flame resistance is given to 
polyester by this approach, there is the advantage in which a toxic gas is not generated, at the 
time of ***♦, but in order that phosphorus compounds may promote the pyrolysis of polyester 
at the time of ****, there is demerit in which melting fall of resin will be promoted. If the resin 
lit at the time of **** carries out melting fall, it will become easy to extinguish the resin product 
itself, but when the combustible exists in the perimeter of a resin product, especially the lower 
part, the resin which fell serves as an ignition source and it ignites to a combustible, and a fire 
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may be expanded and there is a problem that sufficient fire prevention effectiveness is not 

acquired. 

[0005] 

[Problem(s) to be Solved by the Invention] This invention solves the above troubles and aims at 
offering the outstanding flame resistance polyester resin constituent without the problem of 
generating of the toxic gas at the time of ****, and expansion of the fire by melting fall of resin. 
[0006] 

[Means for Solving the Problem] That is, the summary of this invention is as follows, the 
aromatic series dicarboxylic acid component which is the constituent which consists of 
polyester resin which consists of a dicarboxylic acid component, and/or the ester plasticity 
Afunctional carboxylic-acid components and diol components other than dicarboxylic acid, and 
phosphorus compounds, and has at least one or more phenolic hydroxyl groups — all acid 
components — receiving — more than 2 mol % - the flame resistance polyester resin constituent 
characterized by copolymerizing and phosphorus compounds containing 500 ppm or more to 
polyester resin as weight of the Lynn atom. 
[0007] 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail, the aromatic 
series dicarboxylic acid component which has at least one or more phenolic hydroxyl groups in 
the polyester resin which constitutes the constituent of this invention - more than 2 mol % of all 
acid components - it is required to carry out copolymerization. A phenolic hydroxyl group will 
serve as polyester resin with which the phenolic hydroxyl group remained in the side chain of 
polyester, if copolymerization of the aromatic series dicarboxylic acid which has such a 
hydroxyl group is carried out to the usual carboxyl group into polyester in order not to form an 
ester bond. The phenolic hydroxyl group which remained in this side chain generates a radical 
under the elevated temperature at the time of ****, makes the structure of cross linkage, and has 
the work which controls that polyester resin carries out melting fall. As an example of an 
aromatic series dicarboxylic acid component of having at least one or more phenolic hydroxyl 
groups, 5 -hydroxy isophthalic acid (it calls for short Following HIPA), a 4-hydroxy phthalic 
acid (it calls for short Following HPA), 2, 5-dihydroxy -1, 4-benzene dicarboxylic acid, etc. are 
mentioned. 

[0008] The amount of copolymerization of such a component needs to carry out to more than 2 
mol % to all acid components. Less than [ 2 mol % ], in the bottom of the elevated temperature 
at the time of ***♦, it becomes what has inadequate development of the structure of cross 
linkage by radical generating, and this amount becomes inadequate [ the effectiveness which 
controls the melting fall at the time of **** as a result ]. In addition, although not limited 
especially about the upper limit of the amount of copolymerization, since the melt viscosity of 
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polyester may become high and it may become difficult to raise polymerization degree at the 
time of a melting polymerization if the amount of copolymerization increases, it is desirable to 
consider as less than [ 20 mol % ] in general. 

[0009] What is necessary is just to choose suitably according to an application about the 
dicarboxylic acid component which constitutes the polyester resin of this invention, an ester 
plasticity Afunctional carboxylic-acid component, and a diol component. For example, for 
high-melting and the application for which high crystallinity is needed, ethylene glycol (it calls 
for short Following EG) and 1,4-butanediol (it calls for short Following BD) can be used as an 
aromatic series dicarboxylic acid component like fiber or a film as a terephthalic acid (it calls 
for short Following TPA), 2 and 6-naphthalene dicarboxylic acid, and an aliphatic series diol 
component. Moreover, if it is an application like binder fiber, adhesives, and a coating, it can 
consider as the polyester resin which controlled physical properties, such as the melting point 
and crystallinity, in the range of target by using together aliphatic series dicarboxylic acid, such 
as TPA, isophthalic acid (it calling for short Following IPA) or an adipic acid (it calling for short 
Following AD), and a sebacic acid, etc. as a dicarboxylic acid component, and using EQ BD, 
neopentyl glycol, etc. together as an aliphatic series diol component. Moreover, alicycle group 
diols, such as aromatic series diol [, such as bifunctional aliphatic-carboxylic-acid derivatives, 
such as bifunctional aromatic carboxylic acid, such as an ethyleneoxide adduct of a 
p-oxy-benzoic acid, epsilon-caprolactone (it calls for short Following CL), and 
delta-valerolactone and bisphenol A, an ethyleneoxide adduct of Bisphenol S, ], 1, and 
4-cyclohexane dimethanol, can also be used in addition to the above dicarboxylic acid 
components and an aliphatic series diol component. 

[0010] The flame resistance polyester resin constituent of this invention needs to contain 
phosphorus compounds so that it may be set to 500 ppm or more to polyester resin as weight of 
the Lynn atom. When polyester resin is made to contain phosphorus compounds, phosphorus 
compounds decompose at the time of ****, the phosphoric-acid layer to generate serves as a 
protective coating, and oxygen is intercepted, and carbonization of polyester is promoted by the 
dehydrating action, and there is effectiveness which gives flame resistance. 
[0011] as the phosphorus compounds which the resin constituent of this invention is made to 
contain — organic and inorganic — although any phosphorus compounds are applicable, 
pentavalent organic phosphorous compounds, such as a phosphoric ester derivative from 
viewpoints, such as compatibility with safety, thermal stability, and polyester resin, a 
phosphonic acid derivative, a phosphinic acid derivative, and the phosphine oxide derivative, 
are desirable, especially - 9 and 10-dihydro- the itaconic-acid adduct (the following structure 
expression (1) --) of 9-OKISA-10-phospha phenanthrene-10-oxide Following PPI - calling for 
short - phenyl (2-cull BOSHIKI ethyl) phosphinic acid (the following structure expression (2) 
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--) It caUs for short Following CPP (2-carboxy ethyl). Like methyl phosphinic acid (it calls for 
short the following structure expression (3) and Following CMP) By adding in the 
polymerization process of polyester, the organic phosphorous compound which has two ester 
plasticity functional groups can be copolymerized in polyester resin, and is desirable on the 
operation disposition in melting processing processes, such as shaping and spinning, in respect 
of the improvement in physical properties of a product, improvement in endurance, etc. 
[Formula 1] 



o=p-o (1) 
H2C-9HCOOH 
CH2COOH 



[Formula 2] 
O 

P-CH2CH2COOH (2) 
OH 




[Formula 3] 
O 

CH 3 -P-CH 2 CH 2 COOH (3) 
OH 



[0012] The content of such phosphorus compounds is good to make it set to 500 ppm or more to 
polyester resin as a Lynn atom, and to be preferably referred to as 1,000 ppm or more. The 
amount of phosphorus compounds becomes inadequate [ the flame resistance ability of 
polyester ] in less than 500 ppm. Although not limited especially about the upper limit of an 
addition, since the physical property of the polyester resin constituent obtained may be spoiled, 
or phosphorus compounds may carry out bleed out and operation nature may fall at the time of 
processing when it is made [ many / not much ], it is desirable to be referred to in general as 
40,000 ppm or less. 

[0013] The flame resistance polyester resin constituent of this invention can be obtained, for 
example by the following approaches. First, the slurry of EG and TPA of the mole ratios 1.1-2.0 
of a glycol component / acid component is added at the temperature of 230-250 degrees C to the 
esterification reaction vessel in which screw-(beta-hydroxyethyl) terephthalate and/or its 
low-grade polymer (it is called PET oligomer for short below) exist under nitrogen gas 
ascendancy, and an esterification reactant is obtained in residence-time 7 - 8 hours. This 
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esterification reactant is transported to a polymerization reaction can, specified quantity addition 
of phosphorus compounds as indicated to be aromatic series dicarboxylic acid which has 
phenolic hydroxyl groups, such as HIPA, to said structure-expression (1) - (3), and the 
polymerization catalyst is carried out, and an esterification reaction is performed at the 
temperature of 230-250 degrees C for 0.5 - 2 hours. Then, the temperature up of the temperature 
of a polymerization reaction can is carried out to 260-280 degrees C, and a polycondensation 
reaction is performed until it becomes predetermined limiting viscosity under reduced pressure 
of 0.01-13.3hPa. Although what is necessary is just to choose the limiting viscosity of polyester 
resin suitably according to an application, in order to raise especially the reinforcement of a 
product and to make good workability at the time of melting molding, carrying out to 0.45 or 
more is desirable. 

[0014] A polycondensation reaction is usually performed under existence of a polycondensation 
reaction catalyst, and the compound of metals, such as antimony generally used conventionally, 
germanium, tin, titanium, and cobalt, is used suitably. Moreover, as long as it is the range which 
does not check effectiveness, additives, such as an antioxidant like a hindered phenol system 
compound, a cobalt compound, a fluorescence agent, a color tone amelioration agent like a color, 
and a pigment, may be made to contain. [0015] In this way, processing of melting shaping, melt 
spinning, etc. is possible for the obtained flame resistance polyester resin constituent like the 
usual PET, and it can be used as the cast and textiles which have flame resistance. And since 
these products cannot cause melting fall easily at the time of ****, even if they are ****(ed) 
under the situation that a combustible exists in a perimeter, melting fall is carried out and the 
fire prevention effectiveness which did not ignite to other combustibles and was excellent is 
acquired. 
[0016] 

[Function] The polyester resin constituent of this invention had flame resistance, and it was hard 
to cause melting fall at the time of ****, and this invention person thinks as follows as a reason 
excellent in the fire prevention effectiveness. Since phosphorus compounds are contained, 
phosphorus compounds decompose at the time of *♦**, the phosphoric-acid layer to generate 
serves as a protective coating, and oxygen is intercepted in the polyester resin which constitutes 
the resin constituent of this invention, and carbonization of polyester resin is promoted to it by 
the dehydrating action, and there is effectiveness which checks combustion of polyester resin in 
it. Moreover, copolymerization of the aromatic series dicarboxylic acid which has a phenolic 
hydroxyl group is carried out to the flame resistance polyester resin constituent of this invention. 
The dicarboxylic acid part in a molecule reacts with the diol which is another component from 
which it constitutes the principal chain of polyester resin although the usual carboxyl group 
which is one of the components from which the phenolic hydroxyl group part in this molecule 
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constitutes the principal chain of polyester resin does not form an ester bond, forms an ester 
bond, and is incorporated into the chain of polyester resin. Therefore, it becomes polyester resin 
which has a phenolic hydroxyl group in a side chain. Although this phenolic hydroxyl group 
does not react at the temperature of extent at the time of the polymerization of polyester resin, 
and melting processing, in order to generate a radical under the elevated-temperature ambient 
atmosphere at the time of **** and to make the structure of cross linkage between molecules, 
even if disassembly of polyester resin is promoted with phosphorus compounds, it becomes 
possible [ the melt viscosity of resin stopping being able to fall easily and controlling the 
melting fall at the time of **** ]. 
[0017] 

[Example] Next, an example explains this invention concretely. In addition, the measuring 
method of the characteristic value in an example was performed as follows. 

(a) Limiting viscosity [eta] 

It measured at the temperature of 20 degrees C using the same weight mixed solvent of a phenol 
and an ethane tetrachloride. 

(b) It measured with NMR JNM[ by presentation JEOL Co., Ltd. ]-LA4000 mold of polyester. 

(c) Fluorescence-X-rays spectrometer by content Rigaku of the Lynn atom It measured with 
3270 molds. 

(d) The inflammable trial was performed according to flame resistance UL94 specification, and 
V-l or more was considered as success. 

[0018] The esterification object of 95% of conversion was obtained continuously, having 
supplied continuously the slurry (mole ratios 1/1.6) of TPAand EG to the esterification reaction 
can with which example 1PET oligomer exists, having made it react to it on condition that the 
temperature of 250 degrees C, and pressure O.lMPaQ and having used the residence time as 8 
hours. Subsequently, the esterification object was transported to the polycondensation reaction 
can, HIPA was added as phosphorus compounds as PPI and aromatic series dicarboxylic acid 
which has a phenolic hydroxyl group so that it might become the mole ratio shown in Table 1, 
and the esterification reaction was performed for 30 minutes, having carried out 2x10 -four mols 
/, and acid component mol addition, and agitating an antimony trioxide on condition that the 
temperature of 250 degrees C, and pressure O.lMPaG as a polycondensation catalyst. 
Subsequently, the temperature up of the temperature of a reactor was carried out to 270 degrees 
C in 30 minutes, and 70 minutes after reducing the pressure in a reactor gradually, it was made 
1.2hPa or less. The polycondensation reaction was performed for 2 hours, agitating under these 
conditions, and the polyester resin which has the property shown in Table 1 was obtained. 
[0019] Having supplied to the reaction can equipped with churning equipment and a packed 
column for the slurry (mole ratios 1/3) of EG as example 2IPA, and agitating under ordinary 
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pressure, with the reaction temperature of 200 degrees C, the esterification reaction was 
performed for 5 hours, removing the water to generate out of the system of reaction, and the 
esterification object (A) of 95% of conversion was obtained. Moreover, the esterification object 
(B) of 95% of conversion was obtained continuously, having supplied continuously the slurry 
(mole ratios 1/1.6) of TPA and EG to the esterification reaction can with which PET oligomer 
exists, having made it react to it on condition that the temperature of 250 degrees C, and 
pressure O.lMPaQ and having used the residence time as 8 hours. Subsequently, an 
esterification object (A) and (B) were transported to the poly condensation reaction can, CPP and 
HIPA were added so that it might become the mole ratio shown in Table 1, and the esterification 
reaction was performed for 30 minutes, having added 2x10 -four mols /, and acid component 
mol, and agitating an antimony trioxide on condition that the temperature of 250 degrees C, and 
pressure O.lMPaG as a polycondensation catalyst, so that it might become the mole ratio shown 
in Table 1. Subsequently, the temperature up of the temperature of a reactor was carried out to 
270 degrees C in 30 minutes, and 70 minutes after reducing the pressure in a reactor gradually, 
it was made 1.2hPa or less. The polycondensation reaction was performed for 3 hours, agitating 
under these conditions, and the polyester resin which has the property shown in Table 1 was 
obtained. 

[0020] The esterification object of 95% of conversion was obtained continuously, having 
supplied continuously the slurry (mole ratios 1/1.6) of TPA and EG to the esterification reaction 
can with which example 3PET oligomer exists, having made it react to it on condition that the 
temperature of 250 degrees C, and pressure O.lMPaQ and having used the residence time as 8 
hours. Subsequently, the esterification object was transported to the polycondensation reaction 
can, CMP, 5-HIPA, and CL and BD were added so that it might become the mole ratio shown in 
Table 1, and the esterification reaction was performed for 1 hour, having carried out 2x10 -four 
mols /, and acid component mol addition, and agitating tetrabuthyl titanate on condition that the 
temperature of 200 degrees C, and pressure O.lMPaG as a polycondensation catalyst. 
Subsequently, the temperature up of the temperature in a reactor was carried out to 240 degrees 
C in 30 minutes, and 70 minutes after reducing the pressure in a reactor gradually, it was made 
1.2hPa or less. The polycondensation reaction was performed for 3 hours, agitating under these 
conditions, and the polyester resin which has the property shown in Table 1 was obtained. 
[0021] It carried out like the example 1 except having changed variously the class of aromatic 
series dicarboxylic acid which has examples 4, 5, and 6, the example 1 of a comparison, and 2 
phenolic hydroxyl groups, the amount of copolymerization and the class of phosphorus 
compounds, and the content, as shown in Table 1. In addition, the polymerization of the amount 
which becomes weight % given in Table 1 to polyester resin at the time of a polymerization was 
added and carried out, using triphenyl phosphate (it calling for short Following TPP) as 
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phosphorus compounds, and it was made to contain in polyester resin in the example 6. 
[0022] It carried out like the example 3 except having changed variously the presentation of an 
example 7, the example 3 of a comparison, and 4 polyester, copolymerization of the aromatic 
series dicarboxylic acid which has a phenolic hydroxyl group and the class of phosphorus 
compounds, and the content, as shown in Table 1. In addition, the polymerization of the amount 
which becomes weight % given in Table 1 to polyester resin at the time of a polymerization was 
added and carried out, using TPP as phosphorus compounds, and it was made to contain in 
polyester resin in an example 7 and the examples 3 and 4 of a comparison. The characteristic 
value of the polyester obtained in the example and the example of a comparison is collectively 
shown in Table 1. 
[0023] 
[Table 1] 
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[0024] After pelletizing the polyester resin obtained in the example example 1 of reference and 
drying with a conventional method, melt spinning is carried out at the spinning temperature of 
290 degrees C using usual melt spinning equipment, and non-extended yarn was rolled the rate 
for 1400m/. After supplying this non-extended yarn to the drawing machine and carrying out a 
preheating at 80 degrees C, it extended and heat-treated 3.5 times, and wound around them, 
making a heat plate with a temperature of 150 degrees C contact, and 83dtex / 36f filament yarn 
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was obtained. When the tension test was performed for^the 50cm sample the rate for 50cm/and 
it asked for reinforcement and ductility from the stress-strain curve about the obtained fiber 
using tensilon RTC[ by the cage en tech company ]-1210 mold, it had on-the-strength =3.15 
cN/dtex, ductility =30.5%, and a good strong ductility property. Next, the obtained fiber is made 
into cylinder knitting fabric, and the lg is rounded off in die length of 10.0cm, and it inserts into 
the wire coil of the diameter of 10.0mm, and holds at the include angle of 45 degrees, It lights 
by the microburner with an aperture of 0.64mm from a lower limit, when a fire source is kept 
away, the fire is extinguished and it asks for the count of ignition taken to repeat ignition again 
and for all samples to all burn, the average of the count of ignition about five samples has 4.5 
times and the outstanding flame resistance, and ignition by the melting fall to the absorbent 
cotton put on the lower part at the time of **** was not seen. 

[0025] The polyester resin constituent of examples 1-7 could not cause the melting fall at the 
time of **** easily, and had V-l or more outstanding flame resistance in the inflammable trial 
according to UL94 specification so that clearly from Table 1. Moreover, as shown in the 
example of reference, the stringiness of a resin constituent was good and it was possible to have 
obtained fiber with the outstanding flame resistance. On the other hand, in the examples 1 and 3 
of a comparison, since there was little copolymerization of the aromatic series dicarboxylic acid 
which has a phenolic hydroxy 1 group, the melting fall at the time of **** was intense, and 
caused cotton ignition in the inflammable trial according to UL94 specification. Moreover, since 
there were few contents of phosphorus compounds, the flame resistance of the examples 2 and 4 
of a comparison was insufficient. 
[0026] 

[Effect of the Invention] According to this invention, the flame resistance polyester resin 
constituent which can obtain the resin product which there is no problem of generating of the 
toxic gas at the time of **** and expansion of the fire by melting fall of resin, and has the 
outstanding fire prevention effectiveness is offered. 
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